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There  are  many  papers  dealing  with  research  on  the  influence  of  hypoxia 
on  different  visual  functions.  In  particular,  the  effect  of  oxygen  starvation 
on  color  discrimination  has  been  studied  in  the  Soviet  Union  by  N.A.  Vishnevski 
and  B.A.  ^yrliu  il];-  by  N-G.  Fedorov  and  V.I.  Fedorova  [2],  by  B.K.  Aroaova  [5], 
and  more  recently  by  L.M.  Mkrtyche /a  and  V.G.  Samsonova  [4j  and  others. 

Vishnevski  and  Qyrlin's  results,  formulated  as  '■'relative  color  sensi¬ 
tivity",  are  highly  consistent  for  all  forCiis  of  signal  studied,  and  reveal  a 
maximum  "high-altitude"  sensitivity  depression  factor  of  two  or  three  as  com¬ 
pared  with  normal  grouid  conditions.  N.G.  Fedorov  and  V.I.  Fedorova  [2| 
employed  various  means  of  studying  ^igh  altitudey  color  vision  ov^-r  a  co»'> 
slderable  period  of  tiiue  during  an  ascent  of  Mt.  Elbrus.  They  found  no  jusni- 
festations  of  coior-bi  .ndness  up  to  on  altitude  of  5300  m.  At  an  altitude  of 
2200  Kj  tne  Rayleigh  tent  already  showed  a  departure  from  the  norm  of  deutera- 
nomeiouB  type,  which  g:*adually  increased  over  a  period  of  seven  days  to  a 
certain  maxiaum  level,  and  which  the  authors  are  inclined  to  ascri'cfe  (even  if 
only  in  part)  to  insolation,  since  they  also  found  a  similar  effect  at  sea 
level  in  the  south.  B.N.  Aronova  [3]  finds  that  her  tests  fully  confirm  the 
data  of  Vishnevski  and  ^yrlinj  they  r* veal  a  general  depression  of  color 
discrJisinatioc  for  ai,  color-tests,  as  was  also  observed  during  the  Elbrus 
climb. 


Mkrtycheva  and  Samsonovs  (4]  have  detennined  saturation  thresholds  for 
color  diccrlminetion.  The  authorg  formulate  their  results  on  color  discrimina¬ 
tion  as  a  depression  of  sensitivity  (a  rise  cf  the  discrimination  threshold) 
for  green  and  blue  light  and  an  augmentation  cf  sensitivity  (lowering  of  the 
thresholds)  for  red  and  yellow;  this  was  obeorved  in  all  of  five  subjects 
studied.  The  authors  furthennore  find  an  absence  of  any  marked  changes  in  the 
curve  of  relative  visibility  for  the  x'oveal  part  of  the  retina  "v^der  conditions 
of  cuaytime  vision".  *  However,  when  the  experiments  were  mads  for  the  mecolar 


*  Exception  may  be  taken  to  the  authors '  interpretation  of  their  results  as 
characterizing  "the  relative  sensitivity  of  the  eye  to  brightness".  Badaed 
they  made  no  determinations  of  the  brightness -threshold  in  the  discrimination 
of  monochromatic  fields;  they  coD.pared  polychromtic  fields  and  foimd  the 
closest  color  in  terms  of  brightness.  Moreover,  if  it  is  legitimate  in  the 
case  of  night  vision  to  regard  the  visibility  curve  as  an  authentic  index 
of  the  spectral  sensitivity  of  the  actual  physiological  apparatus  (the  rode), 
the  rntter  is  quite  otherwise  in  the  esse  of  the  coaoe,  which  are  of  three 
type-',  distinguishable  by  their  specti'al  sensiti-^ity  (and  characteriz&bi.:- 
first  and  forenjost  in  these  terms ) . 
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zone  or  even  t,ne  exlratiiacuJar  zone  of  the  retina  under  oonditions  of  night 
vision,  tnen  in  aimott  all  the  subjects  s-udied  there  was  observed,  i/i  one 
degree  or  another,  a  quite  percept ifcle  displacement  of  the  visibility  ctarve 
under  the  influence  of  oxygen  starvation. 

Odr  observations  of  the  influence  of  oxygen  starvation  on  color  viaion 
were  made  with  the  new  Rational  Optical  Institute  anc^jaloscope  evolved  by 
G.N.  Bautian  [£},  A  feature  of  the  new  Instrument  la  thet  it  qualitatively 
characterizes,  on  the  basis  of  threshold  procedure,  the  eep-arste  functioning 
of  each  of  the*  three  systems  of  retinal  color-sensing  receptors  (cones).  In 
each  of  three  tests,  one  establishes  the  incidence  of  threshold  color  dis¬ 
crimination  for  ocular  half-fields  (of  6“  angular  size);  this  incidence  is 
mode  perceptible  to  the  subject  by  varying  thi»  stimulation  of  one  particular 
system  of  cones  (the  system  under  invest i gat ioii),  while  meanwhile  the  stimu¬ 
lation  of  the  two  other  eyetems  remains  unchaaged,  the  same  as  at  the  initial 
momeiit  when  the  half- fields  were  precisely  identical.  Along  with  this  the 
instrument  (in  a  fourth  test)  also  charactcrites  the  typicalness  of  or  the 
anomalous  deviations  in  the  spectral  censitivity  of  the  receptors,  in  the 
same  way  us,  for  instance,  the  Nagel  anomaloscope. 

The  tests  were  conducted  in  a  low-pressure  chamber.  For  every  subject 
we  determined  all  t'Jireo  threshold  indices  nj^,  Cq,  ng  [3]  at  normal  pressure, 
that  is,  the  "grotmd”  indices.  Then  the  "ascent"  was  initiated  in  the  low- 
preesure  chamber,  and  further  determinations  of  the  n-indices  were  n^ide  at  a 
succession  of  increasing  "altitudes".  At  the  "ceiling  altitude"  (5000-7000  m) 
the  obsei^ations  were  made  both  under  conditions  of  oxygen  insufficiency  and 
with  oxygen  supplied.  Threshold  determinations  were  also  made  during  the 
"descent'*  and,  finally,  after  return  to  normal  conditiona. 

The  analysis  of  the  test  data  consisted  in  calculating  the  subject's 
thresholds,  expressed  as  ratios  to  his  normal  "ground"  thresholds: 

s/ho  «  V 

In  each  of  the  graphs  here  reproduced,  the  values  of  the  coefficient, 
plotted  as  ordin&te  in  the  dewn-JOi'd  direjjtioa,  give  a  pictinre  of  the  changes 
ia  the  acuity  of  color  diecrimiri  xtlon  under  vhe  influence  of  hypoxia  for  each 
receptor  system. 

In  8vll  we  tested  twenty- five  pers^^ns  pDSBes'jing  normal  color  vision, 
with  whom  we  condui  ted  thirty  "ascents”.  The  .iiean  data  secyi'ed  In  "ascents" 
np  to  SOOO  m  are  given  in  Figure  1,  and  show  a  decrease,  in  the  acuity  of  color 
discrimination  for  all  three  receptor  sysz^rm,  although  in  different  degrees. 
The  greatest,  depression  of  color  discrimination  (by  a  factor  of  2)  occurs  in 
the  third  (blue-sensing)  '.eceptor.  The  first  (red-sensirg)  receptor  nas  its 
discr^imination  reduced  by  a  i'&ctor  of  1,7,  and  the  second  receptor  by  a  factor 
of  only  1-3.  In  Figure  1  it  is  also  e.'-en  th.^t  Inhalation  of  oxyger.  (for  a 
period  of  2  to  3  minutes)  altK)St  restores  color  discrimination.  Here  there 
emerges  a  peculiarity  of  the  second  receptor  ^the  greeu'-scrcitng  receptor), 
namely,  a  snai^nlng  of  color  discrimination  at  minor  altitudes  and  a  compara¬ 
tively  SBjell  reduction  at  high  altituden,  as  compared  with  the  other  two 
receptora.  The  data  secured  in  "ascents"  to  6000  m  (eight  subjects)  and  to 
7000  m  (four  subjects)  yield  similar  results,  but  with  a  more  marked  depres¬ 
sion  of  discrimination  than  in  the  5000  m  ascents. 
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The  wnoie  experimenlai  materiaj  any  be  broken  down  into  four  groups  of 
curves:  in  the  first  group  (three  cases)  all  three  receptors,  at  "hi^ 
altitude",  are  depressed  to  the  same  degree,  by  a  factor  of  1.6  as  compared 
with  the  "ground"  data,  in  the  second  group  (three  cases)  color  discrimina¬ 
tion  is  most  depressed  in  the  second  type  of  receptor,  by  a  factor  of  2  to 
3-2  as  compared  with  the  initial  data,  while  in  the  first  and  third  types  of 
receptor  the  observed  depression  is  not  greater  than  1.5  to  2.0.  In  the  third 
group  (ten  cases)  the  greatest  reduction  of  color  discrimination  acuity  occurs 
in  the  first  receptor;  by  a  factor  of  2  to  4  as  compared  with  the  initial 
"ground"  data,  while  in  the  two  other  receptors  the  depression  factor  was, 
as  before,  only  1.5  to  2.0.  The  fourth  group  of  curves  includes  cases  (six 
in  number)  with  the  imximuro  depression  of  color  discrimination  in  the  third 
type  of  receptor,  namely,  by  a  factor  of  1.5  to  3;  while  in  the  two  other 
types  of  receptor  the  reduction  is  of  the  same  order  as  before,  namely  1.5 
to  2.0. 


In  mary  cases  the  strongest  depression  is  obseinred  only  in  one  parti¬ 
cular  receptor,  but  in  a  number  of  cases  (five  out  of  thirty)  the  two  recep¬ 
tors  are  naximally  depressed  to  the  same  degree,  an  effect  which  we  must 
regard  as  a  more  serious  deterioration  of  color  discrimination. 

Analysis  of  the  experimental  material  reveals  the  following  interesting 
feature.  At  "high  altitudes"  the  acuity  of  color  discrimination  was  more 
strongly  affected  in  projportion  to  the  degree  of  "ground"  acuity.  This  was 
found  in  all  cases  and  for  every  receptor,  as  is  indicated  by  the  mean  data 
shown  in  Table  1. 


TABLE  1 


Color 

R  Receptor  j 

j  G  Receptor 

i  B  Receptor 

Discrimination 

"Ground" 

5000  m 

"Ground" 

5000  ffi 

"Ground" 

5000  m 

Below  nomal  * 

1 

1.28 

1 

1.03 

1 

1.44 

Normal 

1 

1,83 

1 

1.43 

1 

1.98 

Above  normal 

1 

2,33 

1 

■ 

1.96 

1 

2.12 

*  The  mean  norms  were  established  shortly  before  the  experiments 
by  one  or  the  authors,  on  a  basis  of  900  subjects. 


In  repeated  tests  on  the  same  subjects  there  was  observed  a  varia¬ 
bility  in  the  acuity  of  the  different  receptors  under  "ground"  conditions. 

In  conformity  with  the  above-indicated  rule,  the  strongest  depression  (at 
altitude)  took  place  in  that  receptor  which  on  that  particular  day  was  found 
to  be  the  most  sensitive  (Fig.  2,  A  and  B). 

At  "low  altitudes"  (2000-3000  m)  there  was  observed  in  most  cases  a 
sharpening  of  color  discrimination  for  one  or  for  two  of  the  receptors.  Most 
frequently  this  was  the  second  receptor  (sixteen  cases);  less  frequently  the 
third  (fourteen  cases)  and  still  less  frequently  the  first  (ten  cases).  From 
3500-4000  m  this  increased  acuity  was  replaced  by  the  usual  depression.  The 
receptors  exhibiting  the  increased  acuity  at  "low  altitudes"  exhibited,  as  a 
r»xLe,  the  least  depression  at  "high  altitudes".  A  characteristic  case  is 
shovai  in  Figure  3.  Oxygen  inhalation  at  high  altitudes  restores  color 
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discrijuinalion  to  all  three  receptors,  almost  to  tiie  initial  level.  The 
Af'iiHi.v  of  rt<Br*rimlnn.tinn  is  rPKtorAri  tf>  a  lefiRer  rtecrree  In  those  recetrtors 
which  were  most  depressed  (Fig.  5). 

Our  results  agree  with  the  findings  of  Vishnevski  and  ^yrlin,  with 
those  of  Fedorov  and  Fedorova,  and  with  those  of  Aronova,  but  do  not  support 
tne  conclusions  of  Mkrtycheva  and  Samsonova  as  to  reciprocal  variation,  under 
hypoxia,  of  the  threchoids  for  red-yellow  and  for  green-blue.  * 

In  addition  to  determinjing  the  color  discrimina  ion  thresholds,  we 
carried  out  tests  on  the  behavior  of  the  Rayleign  equation.  In  none  of  the 
five  cases  did  we  discover  any  noticeable  changes  in  the  equation  with  alti¬ 
tude.  The  sane  thing  is  found  by  other  authors  for  brief  hs^xias.  The 
variations  which  were  found  by  Fedorov  eind  Fedorova  are,  it  would  seem,  the 
rest^lt  of  oxygen  starvation  of  many  days'  duration,  and  are  possibly  due  to 
insolation  too.  Recently  Ye.  N.  Yustova  [6]  has  shown  that  anomalous  changes 
in  the  Rayleigh  equation  must  be  ascribed  to  the  properties  of  the  retinal 
pigmentation.  It  is  natural  to  believe  that  this  chemical  effect  can  not 
show  up  in  experiments  of  short  duration. 
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*  We  note  here  that 
to  excitations  of 


the  colors  red,  yellow,  green  and  blue  are  not  equivalent 
any  single  one  of  the  receptors. 


-  4  - 


w 


Height 


Fig.  1.  Variation  of  color  diccrimination 
during  hypoxia.  The  graph  is  plotted  for 
mean  data.  1  -  red,  2  -  green,  3  -  blue. 

The  arrow  indicates  administration  of  oxygen 
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Fig.  2.  Different  variations  of  color  discrimination 
in  the  same  subject,  as  related  to  different  initial 
functional  states  of  the  visual  analyser. 

A  -  subject  D.j  experiment  of  June  13,  1953. 

B  -  subject  D.;  experiment  of  June  15,  1953. 

a  -  mean  norms  of  color  discrimination  at 
"ground  altitude",  for  receptor  groups 
I,  II  and  III. 

b  -  this  subject's  color  discrimination  at 
"ground  altitude",  befor®  the  "ascent". 

1  -  red  receptor,  2  -  green,  3  -  blue. 

The  arrow  indicates  administration  of  oxygen. 
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Fig.  3.  Example  showing  depression  of 
color  discrimination  at  high  altitude 
to  be  8tna3iest  for  that  receptor  which 
bad  greatest  low-altitude  acuity. 
Subject  A.,  experiment  of  May  19,  1953. 
Notation  same  as  In  Figure  2. 


